Abstrsct-Some new, ring-substituted phthalocyanines have been synthesized and underwent preliminary testing for photodynamic activity using the colony forming ability of Chinese hamster cells in culture as an endpoint. Using 4-(3-N,N-diethylaminopropyl)phthalonitrile as a precursor, the previously unknown metal-free 2,9,16,23-tetra-(3-N,N-diethylaminopropyl)phthalocyanine was prepared elnd converted to its zinc (II) and its cationic water-soluble 2,9,16,23-tetramethylammonium zinc (II) iodide derivatives. Other new phthalocyanine derivatives tested, include a2,9,16,Z3-tetra(2-hydroxymethyl-2-methylbutoxy)phthalocyaninato zinc (II) and 2,3,9,10,16 ,17 ,23,24-octahydroxyphthalocyaninato zinc (II) derivatives. Boron tribromide cleavage of the newly prepared and fully characterized 2,3,9,10,16,17,23,24-octamethoxyphthalocyanine gave the unstable metal-free octahydroxyphthalocyanine, which could only be characterized by ultraviolet-visible, NMR and IR spectroscopy.
INTRODUCTION
The phthalocyanine dyes have been recently sug- gested as sensitizers in the photodynamic therapy of cancer (Ben-Hur and Rosenthal, 1985) . The relationship between chemical structure and ability to act as photodynamic sensitizers has not yet been entirely defined. Two photobiologieally critical parameters are affected by the structural diversity: (a) the lifetime of the excited triplet state and (b) the cellular uptake of the dye. Both these parameters depend on the nature of the central metal atom. Since a long life triplet state is a prerequisite for photosensitization, a phthalocyanine dye containing a diamagnetic metal is better suited for this function than an analog compound containing a paramagnetic metal (Rosenthal et al.,1986\. Furthermore, preliminary screening indicates that metals higher than trivalent, like Si, which require out-of-plane counterions on both sides of the phthalocyanine ring, are Rot taken up by cells, most probably due tg the ghysical hindrance induced by the axial substituents (Ben-Hur et al., 1987) . A similar explanation is provided for the absence of photodynamic activity of phthalocyanine substituents with bulky peripheral substituents such as neopentoxy groups.
In addition, the ring substituents, which define the solubility features of the dye, will affect the rate of uptake, as exemplified by the comparison between unsubstituted, tetrahydroxy, and tetrasulfonated derivatives Brasseur el c/., 1988) .
We have now prepared metal-free 2,9,16,23-tetra-(3-N,N-diethylaminopropyl) phthalocyanine (f), its zinc (II) (2) , and its quaternized tetramethyl zinc (II) iodide (3) derivatives. Other unusual phthalocyanines tested in this study are 2,9,L6,23-tetra(2-hydroxymethyl-2-methylbutoxy) phthalocyaninato zinc (II) (4) (Leznoff er a/., unpublished data) and 2,3,9,10,t6,17,23,24 -octahydroxyphthalocyaninato zinc (II) (5) prepared from 2,3,9,10,16,17,23,24-octamethoxyphthalocyaninato zinc (II) (6) . tt was expected that the cationic water-soluble phthalocyanine 3, the partially hydrophilic-lipophilic phthalocyanines 2 and 4, and the catechol-like phthalocyanine 5 would provide new and interesting candidates for photodynamic sensitization.
MATERIALS AND METHODS

Procedures for synthesis
Instrumental methods and equipment used in the characterization of new phthalocyanines have been previously outlined (Marcuccio et al.,1985\. Prep aration of 4-(3 -N, N -diz thy' Iamino prop -I -y ny I ) p h t halonitrile (9). To a solution of 1.0 g (3.94 mmol) of 4-iodophthalonitrile (7) (Marcuccio et al.,1985; Keller and criffith, 1980) in 40 mt of dry, freshly distilled diethylamine were added 0.6 g (5.40 mmol) of 3-N,N-diethylamino propl-yne (E) (Wolf, 1952) Preparation of 2,9,16,23-teta(3- I-,, (pyridine) 708, 678. 612,652' 612, izS, l5,tl ltog e: 4.72, 4'61, 4.65, 4.27, 4.08, 4.22' 4.5i). 'H NMII, spectrum (300 MHz' DMSO d"): 6 8.6. 10.I (broad siqnai) OH. 'H NMR spectrum (300 MHz' ovridine d.): E:3.7 (broad signal) NH. IR spectrum (KBr pittetl: r+ZO (broad). OH, 160s, 1475 OH, 160s, , 1380 OH, 160s, . 1260 OH, 160s, ' l08s' 1015 iiiiiidri ii 2,e, 16,23 -tetra(3'N, N' Preoiraiion of 2,9,16,23+eta(3- ("/.): CGa'74), H(7 '42), N(t5 10)' Found (%): C(64 3e)' H(7.le), N(1s.27 ).
Chinese hamster cells and light exposure Chinese hamster fibroblasts, line V79-B310H, were qrown as a monolayer in l0 cm plastic Petri dishes Growth "was in Dulbecco's modified Eagle medium containing l07o fetal calf serum, at 37'C in a humidified atmosphere adiusted to syo CO2. The detailed experimental procedure foi determination of phototoxicity was described by Rosenthal et al. (1987) .
RESULTS AND DISCUSSION
Syntheses
The preparation of the aminophthalocyanines I and 2 and the tetramethyl derivative 3 have not been previously described. Thus, as shown in Fig' 1 ' treatment .of 4-iodophthalonitrile (7) Insertion of zinc into metal-free 1 was readily attained by refluxing I with anhydrous zinc acetate in 1:1 toluene/2-methoxyethanol to give 2,9,16'23' tetra(3-N,N-diethylaminopropyl)phthalocyaninato zinc (II) (2) . Quaternization of the four amino groups of 2 occurred on treatment of 2 with excess iodomethane in toluene at room temperature to gi,t e 2,9,16,23+etra(3-N,N-diethyl'N-methylaminopropyl) phthalocyaninato zinc (II) tetraiodide (3) in 97'/" yield. The synthesis of 2,9,16,23-tetra(2-hydroxymethyl-2-methylbutoxy)phthalocyaninato zinc (II) (4) and related compounds will be reported elsewhere (Leznoff et c/., unpublished data)' It should be noted that 14, each exist as a closely related mixture of isomers containing the depicted structures (Fie. 1) and their 2,9,16,24-,2'9'17'24F and 2,10,16,24-derivatives. Cleavage of the known 2,3,9,10,16,11 '23,24-octa' methoxyphthalocyaninato zinc (II) (6) (Meier et a/" 1986) (Oseroff et al.,1986 . This is presumably due to the decreased uptake of 5 into the cells, either because of the greater substitution and consequent steric hindrance, or lower solubility which is characteristic of highly symmetrical derivatives.
. While these results are indicative of general phototoxicity, it remains to be seen if the efficiency of the cationic compound 3 is enhanced toward carcinoma cells in vivo.
